The volatile compounds in foxtail millet sake were extracted by headspace solid-phase microextraction (HS-SPME) and analyzed using gas chromatography-mass spectroscopy (GC-MS). Different methods of sample preparation were used to optimize this method (SPME fiber types, sample amount, extraction time, extraction temperature, content of NaCl, and rotor speed). For final method of sample preparation, 8 mL of sake was placed in a 15 mL headspace vial with addition of 1.5 g of NaCl; a 50/30 m DVB/CAR/PDMS SPME fiber was used for extraction at 50 ∘ C for 30 min with 10 rpm continuous stirring. A total of 41 volatile compounds were identified from the sake sample, including 9 esters, 6 alcohols, 4 acids, 4 aldehydes, 9 hydrocarbons, 7 benzene derivatives, and 2 others. The main volatile compounds were ethyl acetate, phenylethyl alcohol, butanedioic acid diethyl ester, and hexadecane. According to their odors active values (OAVs), 10 volatile compounds were established to be odor active compounds and to contribute to the typical foxtail millet sake aroma. Hexanoic acid ethyl ester was the most prominent odor active compound.
Introduction
Foxtail millet (Setaria italica) is an important grain crop grown in arid areas. It has been cultivated extensively in Eurasia for both food and forage. It plays a very important role in the agriculture and food industries of many developing countries because of its capacity to grow under adverse heat and limited rainfall conditions [1] . It has excellent drought tolerance and water-use efficiency, which may be the reason why it is still widely cultivated as a dietary staple in the arid and semiarid regions in the world, particularly in China and India. Foxtail millet is one of the most popular cereal crops cultivated and consumed in China. The total area of foxtail millet cultivation in China is approximately 1,400 km 2 , and total production is in the range of 3,700-4,500 thousand tons per year [2] . It is used in the production of porridge, cooked millet, and baby cereal. Foxtail millet can also be used in wine production, including distilled spirits, yellow wine, and sake. Among many kinds of wine, foxtail millet sake is deeply loved by consumers because of its unique sensory quality and nutritional value.
Sake is a popular alcoholic beverage, and it is usually made from rice. Among its various attributes, aroma is considered of primary importance in that superior scent increases consumer satisfaction, overall acceptability, and the probability of repeated purchase. The aroma of rice sake is typically described as having "caramel," "burnt," "heavy," and "complicated" characteristics [3] . In the study of sake, esters, acids, sulfur compounds, and carbonyl compounds were reported to contribute to the sake aroma, especially 2 Journal of Chemistry 3-hydroxy-4,5-dimethyl-2(5H)-furanone (sotolon), which was identified as a burnt flavoring compound for sake aroma [4, 5] . However, most of these studies have focused on rice sake, and the volatile compounds and odor-contributing compounds of foxtail millet sake are still not well defined.
In previous sake reports, several extraction-concentration methods were used for analysis of volatile compounds in wine, such as liquid-liquid extraction [6, 7] , solid-phase extraction [8] , and headspace extraction [9, 10] . Most of these techniques have several disadvantages, including extensive equipment requirements, a need for significant quantities of expensive and environmentally unfriendly solvents, multiple handling steps that increase the risk of error, and a need to concentrate the target for analysis. Solid-phase microextraction (SPME) has been established as an analyte sampling/enrichment approach for trace compound analysis in various sample matrices. This technique had been applied to the analysis of volatile compounds in alcoholic beverages such as wine [11, 12] , Chinese liquor [4, 13] , beer [14, 15] , and cider [16] because of its ease of use, good reproducibility, and lack of a need for either large samples or solvents of any kind [17] [18] [19] . With high repeatability, GC-MS is known as an objective, quick, and accurate technique for evaluating the volatile compounds in alcoholic products. GC-MS is used for quantitative purposes, and a precise quantification is required for determining odor activity value (OAV). OAV calculation depends on measuring both concentration and odor threshold in the same matrix. The contribution of volatiles to the final aroma depends on those odorants with OAV > 1. So OAV was widely introduced to choose impact odorants in alcoholic beverage [20] .
The objective of this study was to use HS-SPME and GC-MS to analyze the volatile compounds in foxtail millet sake and evaluate contributions of specific volatile compounds on the aroma of the overall sample. The results of the study could be important for fostering a better understanding of the volatile compounds in typical foxtail millet sake and could also improve the quality of foxtail millet sake. 
Experimental Procedure

Headspace Solid-Phase Microextraction (Headspace-SPME-GC-MS).
Five kinds of SPME fibers with different coats were purchased from Supelco Inc. (Bellefonte, PA, USA). They were 85 m polyacrylate (PA), 100 m polydimethylsiloxane (PDMS), 65 m PDMS/divinylbenzene (PDMS/DVB), 75 m carboxen/polydimethylsiloxane (CAR/ PDMS), and 50/30 m DVB/CAR/PDMS. The fibers used were preconditioned before analysis in the injection port of the gas chromatograph according to the manufacturer's instructions.
Sample, NaCl, and a magnetic stir bar were placed in a 15 mL vial (specific to SPME). Before the SPME fiber was inserted into the vial, the vial was sealed with one Teflon cover and equilibrated for 20 min in a water bath. After that, the fiber was exposed in the upper space of the sealed vial to extract compounds. Preliminary experiments were carried out to evaluate the HS-SPME process by optimizing the main parameters, that is, fiber types, amount of sample, extraction time, extraction temperature, concentration of NaCl, and rotor speed. After extraction, the fiber was inserted into the injection port of GC (250 ∘ C) for 5 min to desorb the analytes. The internal standard 3-octanol solution at 50 mg/L in absolute ethanol was added in sample under optimal extraction conditions. Extraction of each sample was performed in triplicate. After extraction, n-alkanes (C8-C20,) were injected under the same conditions for calculating RI.
Gas Chromatography-Mass Spectrometry (GC-MS).
The procedure described by Luo et al. [4] and Fan and Qian [13] was used with some modification. GC-MS was performed using an HP 5975B quadrupole mass selective detector (Agilent Technologies, USA). The mass spectral ionization temperature was set to 230 ∘ C. The mass spectrometer was operated in the electron impact ionization mode at a voltage of 70 eV. Mass spectra were taken over an m/z range of 30-400. The flow rate of the helium carrier gas on the DB-5 column (30 m × 0.25 mm ID, 0.25 m film thickness, J&W Scientific, Folsom, CA, USA) was 1 mL/min. The analysis was performed in the splitless mode, and the injector temperature was 250 ∘ C. The column was held at 40 ∘ C for 3 min and then increased from 40 ∘ C to 220 ∘ C at a rate of 4 ∘ C/min, held at 220 ∘ C for 2 min, and finally increased to 230 ∘ C at a rate of 8 ∘ C/min and held for 3 min.
Identification of Components.
The volatile components were identified by comparing their mass spectra to spectra from MS libraries (NIST 05, WILEY 7.0). The linear retention indices (RI) of the compounds were calculated using a series of n-alkanes. Identifications were confirmed by comparing Kovats retention indices (RI) to authentic standards.
Results and Discussion
Optimization of Extraction Method.
There are many factors that can have a direct impact during the headspacesolid-phase microextraction process. These include the type of fiber, amount of sample, extraction time, extraction temperature, amount of NaCl, and rotor speed.
Choice of SPME Fiber. Five fibers coated with PA, PDMS, PDMS/DVB, CAR/PDMS, and DVB/CAR/PDMS were evaluated for the extraction of the volatile compounds in foxtail millet sake. Among the tested fibers (Figure 1 ), the area count in 50/30 m DVB/CAR/PDMS fiber coating was significantly higher than others ( < 0.05). The extraction of analytes can be attributed to their characteristics associated with the fiber coating. Comparing the coating of two single fibers (PDMS and PA), PA fiber had higher peak areas than the PDMS fiber; PA fiber attracts the polar compounds more strongly than the PDMS fiber. Mixed fibers coating (CAR/PDMS, PDMS/DVB, and DVB/CAR/PDMS) applied to volatile and nonvolatile low-to-high polarity and showed high adsorption capacity compared to PA fiber. Usually, the CAR/PDMS fiber is selective to low molecular weight volatile compounds, and the PDMS/DVB fiber is selective to high molecular weight volatile compounds, while the DVB/CAR/PDMS fiber presented to be effective for a more diverse range of volatile compounds [24] . DVB/CAR/PDMS fiber was also selected as optimal fiber in cherry wine [25] , Chinese liquor [13] , and rice wine [4] expressed high efficiency and selectivity in analyzing aroma of alcoholic beverage.
Amount of Sample. Amounts of 2, 4, 6, 8, and 10 mL were selected to determine how the sample amount affects total peak area. Results showed that total peak areas with sample amount of 8 and 10 mL were significantly higher than those of 2, 4, and 6 mL ( < 0.05). No significant difference was detected between 8 and 10 mL ( > 0.05), while 8 mL served as the optimal sample amount. Because the HS-SPME mechanism is based on the equilibrium of analytes among three phases (polymeric coating, headspace, and sample), sample volume directly affects two phases of headspace and sample, which in turn influence extraction efficiency [26, 27] . The amount of analyte removed by the fiber is proportioned to the compound concentration in the sample amount. Along with the increase of sample amount, concentration of volatile compounds increases in headspace. When volatile compounds caused equilibrium concentration of fiber, absorption efficiency had no obvious change. Therefore, different alcoholic beverages have different sample amount; 5, 7, and 8 mL were the optimal amount in beer [14] , rice wine [4] , and cherry wine [25] using 15 mL headspace vial, respectively.
Extraction Time. Extraction time also affects extraction efficiency. The foxtail millet sake samples were extracted for 10, 20, 30, 40, and 50 min, respectively (Figure 1) . Results showed that the total peak area was clearly higher at an extraction time in 30, 40, and 50 min. No significant change was found when it was prolonged from 30 to 50 min ( < 0.05). Therefore, 30 min was chosen as the optimal extraction time. Extraction time is the time required for an analyte to reach equilibrium between the sample matrix and the stationary phase [28] , which is one of the most important parameters in HS-SPME process, because it influences the equilibrium of analytes between headspace and fiber coating. Some studies showed that optimal extraction time usually was 30-45 min in alcoholic beverage [4, [12] [13] [14] , which was consistent with the finding in millet sake.
Extraction Temperature. Different extracting temperatures (30, 40, 50, 60, and 70 ∘ C) were evaluated in the HS-SPME parameter screening experiment. The results showed that the quantity of volatile compound reached the highest total peak area while extracting temperature was 50 ∘ C (Figure 1 ). However, the extraction efficiencies were significantly low ( < 0.05) when the extracting temperature was raised to 70 ∘ C. In general, heat provides energy for analyte molecule to overcome energy barriers tying it to the matrix, thus facilitating release of analytes into the headspace. However, it can adversely affect adsorption of analytes by coating due to the partition coefficients decrease [29] . Consistent results were also found in rice wine [4] and cherry wine [25] with the optimal extraction temperature at 50 ∘ C. However, 70 ∘ C was selected as optimal extraction temperature of SPME for analysis haloanisole in wine [30] . High extracting temperature could lead to decline of adsorption of the coating and degradation of detected product.
Rotor Speed. The figure shows the efficiency of the extraction in different rotor speed of 0, 5, 10, 15, and 20 rpm. The total peak area increased as rotor speed increased; 10 rpm was the most suitable rotor speed (Figure 1) . Agitation accelerates the transfer of analytes from the sample matrix to the coating fiber [29] . However, rotor speed was generally regarded as an important factor in SPME methodology. In studies of volatile compound of rice wine [4] , beer [14] , liquor Chinese [15] , and cherry wine [25] , the rotor speed was omitted in the optimization of SPME. In the present study, the rotor speed also showed that it was an important factor in SPME (Figure 1) .
Concentration of NaCl.
NaCl levels of 0, 0.5, 1.0, 1.5, and 2.0 g were selected for testing of the concentration of NaCl on the total peak area. The total peak area increased as extraction time increased; 1.5 g was the most suitable NaCl levels ( Figure 1 ). In the SPME procedure, the salting-out effect was used to modify the matrix through the addition of salts such as NaCl to increase the ionic strength of the water and so decrease the solubility of analytes and increase the release of analytes into the headspace, thereby contributing to enhanced adsorption onto the fiber [29] . Comparing with rice wine [4] , beer [14] , and cherry wine [25] , less NaCl was added into the sample, which may relate to the property of millet sake.
Volatile Compounds in Foxtail Millet
Sake. Then 8 mL of sample was placed in a 15 mL headspace vial with 1.5 g of NaCl; a 50/30 m DVB/CAR/PDMS SPME fiber was used for extraction at 50 ∘ C for 30 min with 10 rpm continuous stirring.
The total ionic current (TIC) chromatogram of the volatile components in foxtail millet sake was shown in Figure 2 . A total of 41 volatile compounds were tentatively identified in Table 2 . These compounds included esters (9 compounds), alcohols (6 compounds), acids (4 compounds), aldehydes (4 compounds), hydrocarbons (9 compounds), benzene derivatives (7 compounds), and other compounds (2 compounds). Their concentrations varied from 8.27 to 7,272.82 g/L. The major volatile components present in sake sample were ethyl acetate, phenylethyl alcohol, butanedioic acid diethyl ester, and hexadecane.
Esters. Esters were the largest group in terms of the number and concentration of aroma compounds identified in sample. Nine esters were detected. The subtotal concentration was 10,993.01 ± 631.34 g/L, 43.52±1.38% of the total volatile compounds detected. This volatile fraction was mainly composed of ethyl acetate, octanoic acid methyl ester, and butanedioic acid diethyl ester. All of esters were ethyl esters except for octanoic acid methyl ester. Ethyl esters detected in the sample included monoethyl esters and monodiethyl esters. Monoethyl esters are common in alcoholic beverages. Of the 6 monoethyl esters detected here, hexanoic acid ethyl ester was rated above 1. Its OAV was the highest of any of the odor active compounds in the sample. Hexanoic acid ethyl ester is responsible for the "fruity" and "sweet" sensory properties of wine. Two diethyl esters were detected, but they had low OAV and made little contribution to the aroma of the wine. Methyl esters, such as octanoic acid methyl ester, were also identified. This ester had an OAV above 1, so it played a minor role in the overall aroma profile of wine.
Alcohols. Alcohols showed the second largest concentration of aromatic compounds identified in the sample. The subtotal concentration of alcohols was 8,320.49 ± 1,087.30 g/L, which made up 32.88 ± 3.09% of the total volatile compounds detected. Phenylethyl alcohol was the most abundant alcohol, accounting for 28.71 ± 3.80% of the total volatile compounds in sample studied. Among 6 alcohols detected, only 2-nonanol had OAV values above 1. It provides the fatty sensory properties of the wine.
Acids and Aldehydes.
In the present study, four acids were detected in the wines. The subtotal concentration of acids was 159.53 ± 15.97 g/L, which made up 0.63 ± 0.05% of the total volatile compounds detected. These were citronellol, linalool, and limonene, and their concentrations were very low. These acids detected had OAV values lower than 1, indicating that they play a lesser role in the overall aroma profile of wine. Four aldehydes were detected in sample. The subtotal concentration and the relative subtotal were 127.40 ± 6.92 g/L and 0.51 ± 0.04%, respectively. Benzeneacetaldehyde (sweet, floral), decanal (green, citrus), and dodecanal (fatty, woody) all showed OAVs above 1, so they played a lesser role in the overall aroma profile of wine.
Hydrocarbons, Benzene Derivatives, and Other Compounds.
Nine hydrocarbons, 7 benzene derivatives, and 2 others were identified in sample. The subtotal concentration and the relative subtotal of hydrocarbons, benzene derivatives, and other compounds were 2,995.98 ± 188.67 g/L, 917.06 ± 139.82 g/L, and 124.17 ± 18.84 g/L and 11.86 ± 0.35%, 3.63 ± 0.56%, and 0.49 ± 0.09%, respectively. Hydrocarbons and benzene derivatives may have come from foxtail millet. Hydrocarbons showed relatively high flavor thresholds and may have made little contribution to the odor of the wine. OAVs of styrene (floral sweet), 2-methylnaphthalene (phenolic), and 1-methylnaphthalene (phenolic) were 6.96, 6.41, and 3.41. They made important contribution to the odor of the foxtail millet sake. Among other compounds, benzothiazole showed OAVs of no more than 1, providing the gasoline and rubber sensory properties of wine.
Conclusions
The present study was the first report to describe the volatile chemical composition and odor active compounds of foxtail millet sake performed by HS-SPME-GC-MS and OAV, respectively. Analyses of the volatile constituents in sample indicated ethyl acetate, phenylethyl alcohol, butanedioic acid diethyl ester, and hexadecane to be the predominant components. The OAV results revealed the 10 most odor active compounds with OAV within the range of 1.10-52.32 to be RSD: relative standard deviation. OAV: odor active value = concentration/odor threshold. ND: no odor description. a: odor thresholds and description reported by [22] . b: odor thresholds and description reported by [23] .
